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Executive Summary
Introduction
The discussion seems to be paradox: Almost every energy scenario is
based on trends that would lead to an enormous growth in the demand for
energy in the coming decades. Meanwhile, at international conferences,
among other places, one is concerned with the opposite outlook; a massi-
ve reduction of greenhouse gas emissions, especially of CO2 emissions
caused by energy consumption. Experts also point out the political risk of
depending on mineral oil and remind us of the fact that resources are not
inexhaustible. How can this chasm be overcome? How can we build a
more sustainable energy system from the existing one? Hopes are mostly
pinned on technological progress and innovations.
However, so far there are no specific suggestions concerning the extent
to which innovations can really contribute to reconciling ever-growing
energy consumption with the limitations regarding the availability of
resources and the environment, as well as with the structural demands on
any energy system.
The aim of this study is to bring together economic, legal, scientific and
philosophical competences with a view to developing such proposals.
This task requires clear focusing on the intersection of the three central
issues, i.e. energy, sustainable development and innovation. A compre-
hensive treatment of the three subject fields was not intended. Neither
could many of the debates in this context be dealt with beyond their rele-
vance for the strategy proposal of this study.
In deriving our recommendations, the aims laid down by democratical-
ly legitimized agencies were taken into account, no matter how vague
these aims are, especially on the international level. An important part of
our work concerned the analysis of conflicting objectives in economic
policy and the question of how such conflicts can be overcome through a
more comprehensive, incentive-based mix of instruments tailored to the
specific substance of an innovation.8
Terminological and conceptional foundations
Since a sound investigation cannot be performed without a clearly defi-
ned terminological and conceptional framework, we will start by inspec-
ting the central concepts of sustainability, energy and innovation.
The idea of sustainability with its two normative cornerstones of intra-
and intergenerational justice has to be made concrete especially for the
area of energy which is based mostly on exhaustible energy sources.
Instead of a static concept of stocks, which conceptually excludes a
sustainable use of limited resources, a dynamic concept of flows (current
use) is introduced, which is based on the substitution of non-renewable
resources by renewable ones and on the continuous creation of new, more
efficient ways of using resources. In this way, the need for innovations in
this area is, at least implicitly, addressed. If, by appropriate innovations,
one succeeds in reducing the use of exhaustible resources in production
and consumption, so that a lower consumption of such limited stocks will
suffice in the future, the chances to utilize such declining resources can be
maintained or even improved in some cases. The possibility of such chan-
ces, however, does not imply that, faced with the present trends in the
areas of energy use, strains on the environment, private consumption and
population development, a path of “sustainable development” can actual-
ly be found.
For the sake of clarity, our analysis distinguishes between sustainabili-
ty  and  sustainable development: The regulative idea of sustainability
initiates and accompanies, with a practical intention, a search and learning
process which leads to the more concrete concept of sustainable develop-
ment, whereby potentials and possibilities for action towards sustainabi-
lity can be identified; hence sustainable development is regarded, in prin-
ciple, as a guide for action. 
Considering the multitude of efforts to define “sustainable develop-
ment” – by now there are more than 200 of them after fifteen years of
scientific and political discussions –, one cannot but admit that this con-
cept is still very vague or, sometimes, even mired in confusion. In the pre-
sent discussion of the problems surrounding sustainability, a first9
approach leads to the observation of three different ways of dealing with
the varied meanings of “sustainable development”: Apart from sheer dis-
approval (because of the “wooliness” of the concept) and an integrative
strategy (by burdening the concept with everything that happens to suit
one’s purposes), there is another possible attitude which is shared by our
group: the effort to deal with the concept in a productive manner and to
define it as precisely as possible according to scientific criteria. This
involves comparing various possible definitions of the concept and asking
the question which concrete conclusions follow for the central research
question of our investigation for each case. This path is taken in neoclas-
sical environmental economics on the one hand and especially by ecolo-
gical economics, the “science of sustainability” on the other hand. One
has to find a balance between overdetermination and underdetermination
of this concept and one should neither burden it with specific require-
ments which meet the most stringent ecological criteria, but make it an
unachievable ideal, nor should one leave it so vague that it can mean
everything and effect nothing: In principle sustainable development must
be an operational concept.
The various concepts ranging from “weak” to “very strong” sustain-
ability differ with regard to assumptions about substitution and comple-
mentarity between man-made and natural capital. This study applies the
concept of critical sustainability based on a concept of critical natural
capital, taking into account few, but crucial and hence critical “crash bar-
riers” or “bottlenecks”. Our interpretation of sustainability thus is related
to the far-advanced discussion of setting environmental standards.
Energy may determine our everyday life and constitute an important
production factor in economic theory; from the physics point of view,
however, it is a rather abstract entity which can only be defined accurate-
ly in terms of a differentiated mathematical model. Historically, the con-
cept of energy was initially defined simply as the “potential to perform
work”. In that sense, of course, energy is not conserved; this is why the
notion of “energy consumption” has become common usage.
The connection between the, at first, entirely different concepts of
“energy” and “heat” was clarified only in the 19th century, with the for-10
mulation of the First Law of Thermodynamics stating that energy is pre-
served, i.e. it is neither created nor destroyed but just transformed from
one form into another. (At the beginning of the 20th century, the concept
of energy was extended by Einstein in his theory of special relativity,
which includes mass as a form of energy.) Hence, energy consumption
actually means energy degradation i.e. transforming valuable or available
energy (exergy) into lower-value or non-available energy (anergy). The
boundary between exergy and anergy is not absolute, but depends on the
system considered. For instance, water at a temperature of 20°C in an
environment at 0°C contains usable energy (exergy), while this would not
be the case at an ambient temperature of 20°C.
The energy system (of a country or the Earth as a whole) is defined as
the overall structure of the primary energy resources being used, the infra-
structure for their distribution and transformation into final energy and the
specific demand structure of so-called energy services. With regard to the
quality of the energy, the distinction between the demand for heat or work
plays, respectively a special role as well as the differentiation between
stationary and mobile demand and the function of electricity. Together,
the supply and demand structures determine the potential for changing an
existing given energy system.
The term innovation describes a new problem solution prevailing in the
market in connection with new factor combinations. Sustainable innova-
tion means factor combinations and new problem solutions that lead to
less environmental strain and a reduced consumption of resources with-
out necessitating restrictions on other social objectives. An innovation
does not have to be a new technological solution; it can also be a new ser-
vice or a new form of organization.
In order to invigorate sustainable innovation one requires knowledge
on innovation determinants. The extent, the direction and the speed of
innovation activity in a national economy depend on a multitude of fac-
tors which are sometimes summarized as the “national innovation
system”; these reach far beyond research and developments politics, tou-
ching on tax and education systems. In the course of European integrati-
on, it has become more appropriate in some areas to speak of a European11
innovation system. This entire context needs reshaping if innovation
activity is to aim at a sparing use of resources. For policies concerning
innovations a double strategy appears to be called for which, on the one
hand, aims at short-term effects while, on the other, providing longer-term
direction.
Through general improvements of the framework for sustainable inno-
vation activity (e.g. regulation reform, tax reform, basic research priori-
ties), the search efforts of scientists and inventors are steered into a diffe-
rent direction; the common pool of knowledge and ideas (the pool of
inventions) is enriched accordingly. This part of the double strategy requi-
res more time and has a general increase of sustainable innovation activi-
ty as its objective, rather than sector-specific potentials or specific types
of innovation. 
These components complement each other. Successful innovation poli-
cies emerge from the well-adjusted combination of both. As the transi-
tions between the two kinds of innovation policies are fluid, arguments
(partly shaped by ideology) about which one to choose will be unfruitful.
Sustainable innovation policies as a whole have the objective to change
the framework in such a way that the chances of sustainable innovation
potentials to prevail in the market are improved. The advance of the
framework for sustainable innovations finds itself confronted with the
problem that successes are the result of long-term developments and can-
not be causally attributed to certain changes of individual conditions.
Hence, the political acceptance of reform especially of this kind is diffi-
cult to achieve.
From the factors of success and the obstacles thus identified, political
recommendations can now be derived, where – after the acknowledge-
ment of the principal need for innovation policies by the state – the choi-
ce of the concrete technology, the instruments, their dosage and the phase
specifics are the main concerns. The recommendation emerging is a well-
dosed combination of sponsorship for research far from the market (fun-
damental research), a search and discover function through competition
followed by support for an accelerated diffusion and a general improve-
ment of the conditions for sustainable innovation activity.12
Normative evaluation and decision criteria
The application of traditional rules of decision-making requires a pre-
cise formulation of the relevant options for action and the environmental
conditions influencing the effects of the action. However, for those cases
where it is not clear which environmental conditions must be taken into
consideration (decisions under profound uncertainty), these rules cannot
be applied. Since long-term environmental transformations are characte-
rized by profound uncertainty, different techniques of decision making
have to be applied.
In such cases environmental politics calls upon the “precautionary prin-
ciple” according to which preventive measures are permitted even if the
scientific evidence is not conclusive, but merely plausible. The costs of
such measures must be proportional (principle of proportionality), prefe-
rably, due to the profound uncertainty involved, in comparison to another
end that is easier to specify. Precautionary measures with regard to cli-
mate change, for instance, can be assessed through the ends of secure sup-
plies and a reliable energy system.
A set of ends for a sustainable reorganization of the energy system is
listed in the following table:
Whenever in this study we point out the necessity of a sustainable
restructuring of the energy system, one has to keep in mind all of the ends
cited above. However, for this set of ends the reduction of CO2 emissions
Aim dimension Concretization
Availability of resources Period of secure practice
Energy system Reliability (end user), openness of
options, risk avoidance
Environment Climate change, emissions, 
surface consumption13
can serve as a “guiding indicator” that is supplemented by further indica-
tors (surface consumption, openness of options etc.) in a particular con-
text.
Every concept of sustainability involves certain normative decisions
with specific ethical implications. The position that there is no such thing
as an obligation towards future generations is – as far as we can see –
hardly ever advocated as such. However, it does come out in the argument
that the interests of future generations can be taken into account of today
only insofar as the present generation is not harmed (intertemporal pareto-
improvements). This “win-win” concept may suit innovations, because
the accumulation of technological and organizational knowledge may
compensate future generations for the diminished resources that will be at
their disposition.
However, the obvious problem with this position is that as soon as the
margins for pareto-improvements close in and an actual trade-off situati-
on and hence a grave ethical conflict arises, conclusions become impossi-
ble. Therefore, employing an intertemporal pareto criterion can only be a
first, largely ethics-abstinent step towards answering the questions we are
concerned with. Are intertemporal pareto-improvements not possible in a
particular case, one must look for justifications for the trade-offs (balan-
ces) between different options.
The question whether issues of intergenerational distribution – which
are pertinent to the debate on sustainability – offer any leeway for pareto-
improvements, as in the case of the sustainable energy innovations dis-
cussed in this paper, or if we face a trade-off situation at least in some
areas, is of course an empirical one which has to be answered for every
individual case.
However, any conception of sustainability introduces some type of
intertemporal stock. The demand to conserve it – or the assumption that
this would be fair – puts the concept of sustainability into a normative
context.
Long-term responsibility is a fundamental aspect of the concept of
sustainable development which can be – apart from its form in detail –14
assumed unproblematic through recourse to a robust, moral intuition.
Everybody will accept long-term obligations at least towards the genera-
tions immediately subsequent. There will also be an intuitive acceptance
of the binding character of this obligation fading with the distance in time
(gradation), for one will rather afford one’s children a certain advantage
or spare them some harm than one’s descendents in the tenth generation.
This gradation of the binding character can also be justified by the increa-
sing uncertainty of the occurrence of the desired effects of action.
A notion of intergenerational justice is woven into the concept of criti-
cal sustainability, in the sense that the standards regarded as critical shall
be adhered to. The concept of critical sustainability recurs to issues of gra-
dation, most importantly in terms of the uncertainty of the relevant kno-
wledge as discussed above.
Naturally, we cannot take into account future generations and their
needs correctly, since these do not exist yet. For precisely this reason, we
often see a distortion of the balance between ecological, social and eco-
nomic criteria within the concept of sustainability: While the advocates of
social and economic aspects rely on special interest groups, ecological
aspects are only supported by environmental groups or agencies. The lat-
ter consist of members of the generations living today, but acting in favor
of the supposed interests of future generations. At this point, science
comes into play, for science cannot speak as an advocate for future gene-
rations. However, it should help to make transparent the risks of over-
stretching ecological resources by using the best scientific results availa-
ble. Therefore we have to describe risks and future developments with
uncertain effects, instead of providing simple “recipes” made up from
clear facts.
Towards a sustainable energy system – deficits and points of
reference
The idea of sustainability as a legal standard is relatively new. It was
first taken up in the realms of international law. In the documents that
emerged from the “Earth Summit” in Rio de Janeiro in 1992, this notion
is found especially in Agenda 21. It was made legally binding somewhat15
later through specific treaties, namely the United Nations Framework
Convention on Climate Change, which came into force following its rati-
fication by 160 countries and was concretized in the Kyoto Protocol of
1997. The difference of interests between developed countries and deve-
loping countries as well as the diverging ideas about the relative weight
of economic and ecologic interests in the industrialized countries have
stripped this agreement of most of its effectiveness over recent years.
On the European level, since the Amsterdam renegotiations and alrea-
dy in the preamble of the original EU treaty, sustainable development is
cited as one of the objectives. In the German constitution (Grundgesetz)
(Art. 20a), “protecting the natural foundations of life” is laid down also
with regard to the responsibility towards future generations.
However, the sustainability of the energy system must not be analyzed
exclusively from the aspect of climate protection. At the foundation of the
International Energy Agency (IEA) following the oil crisis of 1973/74, the
security of supply (procurement) was the principal consideration. Today,
about 50% of the energy demands of the European Union are covered by
imports. In geopolitical terms ca. 45% of the oil imports origin from the
Middle East; 40% of the natural gas imports stem from Russia. By 2020
– according to a EU prognosis – the import component will have risen to
70% again; over the same period we will see a shift to a renewed depen-
dence on the Middle East, where about two thirds of future oil reserves
are located and where, as estimated by the IEA, more than 85% of any
additional production capacity is likely to be found.
Presently, neither the international nor the national legal standards are
precise enough to derive direct, operative “sustainability targets” from
them. However, effective political action requires precisely formulated
objectives and the corresponding knowledge on action, both of which
can only be developed in dialogue with the sciences. In particular, the
sciences have to analyze the present energy systems and to formulate a
precise benchmark for a sustainable provision of energy. The cornersto-
nes of this analysis are the assertions that (1) commercial energy con-
sumption has risen by a factor of 5 over the last 50 years, (2) more than
90% of this energy stems from fossil resources and (3) differences bet-16
ween the poorest and the richest countries, concerning the availability of
commercial energy, are more than hundredfold. Most prognoses predict
that the global energy demand will double or even grow by the factor of
four until 2050. In contrast, for reasons of climate protection and supply
security the consumption of fossil energy should be cut by half over the
same period. 
Two recepies are usually invoked to close the gap between demand and
critical limits: enhancing energy efficiency and decarbonization. The first
aims at decoupling the gross domestic product (GDP) from the energy
demand, the latter at the substitution of fossil resources by renewable or
carbon-free energy sources. The present development of the global ener-
gy system shows that both processes are far too slow to stop the growth
of CO2 emissions, let alone to reduce them. In other words, the present
development of the global energy system is not sustainable, neither with
regard to climate protection nor from the perspective of energy supply
security, especially if the geographic distribution of the fossil energy
resources is taken into account. 
The essence of the above considerations can be summarized by the fol-
lowing simple calculation: Taking into account the typical growth target
of the GDP of 2% for the EU and other industrialized countries and assu-
ming a target of 2% for the reduction of the CO2 emissions, we need a
decrease of the CO2 intensity (CO2 emissions per GDP) of 4% per year.
The CO2 intensity is used as a guiding indicator for a sustainable trans-
formation of the energy system.
In the following evaluation, the scenario “S450” of the Intergovern-
mental Panel on Climate Change (IPCC), which appears to be ambitious
without being unrealistic, plays a central role. In addition, long-term
trends, the need for political stability in the north-south relationship as
well as a reduction of the dependence from Middle East oil are also
important goals. To underline the last point we mention that at present the
largest consumer of oil, the US, imports about 40% of its oil demand.
In order to operationalize the sustainability targets, two concepts are
introduced: (1) The time of safe practice is based on the idea to characte-17
rize societal activities by the (hypothetical) time during which that activi-
ty could be carried on until it reached its limits (e.g. because of resource
limitations, environmental strain etc.). (2) The inertness of the energy
system can be defined as the time needed for a significant change of the
system. For the present energy system, such a significant change could
result in, for instance, the complete substitution of the present fossil ener-
gy supply by renewable energy resources. 
With the help of these concepts, the aim of sustainability can be defi-
ned as follows:
(1) A practice (e. g. an energy practice) is sustainable if the time of safe
practice is constant or growing (principle of the constant time of safe
practice).
(2) The time of safe practice must exceed the inertness of the system con-
cerned.
Applied to energy, this means that a sustainable energy system has to
be supported by two pillars: (1) the efficient use of energy and (2) a gro-
wing use of solar and other renewable resources. With the technologies
known today, the present standard of living in the EU could be maintai-
ned with an energy consumption of 2,000 Watt per person. (The present
demand in the industrialized countries amounts to between 4,000 and
10,000 Watt per person). This demand could be met in a sustainable man-
ner, i.e. largely by renewable resources. The 2,000-Watt benchmark forms
the basis for our further considerations. We have reasons to assume that
there is enough time for such a transition, provided that the process is
vigorously initiated now.
Potentials and barriers for a sustainable energy system
The potential of innovations in the energy sector presently in develop-
ment or recently introduced to the market is fundamental for such a tran-
sition. Hence, their assessment at different stages of development or at the
early stages of commercial exploitation is the next step of the investigati-
on towards a sound evaluation of their potential concerning energy effi-
ciency.18
There have been periods in the past – for instance periods of high ener-
gy prices – when the energy efficiency of new appliances improved by at
least 5% annually. Now we pose the question if such an improvement can
be achieved in the future too. By citing representative examples (energy
consumption for residential heating, cars, electricity production and sel-
ected industrial processes), we show that the technical means are actually
in place for realizing an annual improvement of upwards of 5% in the
future. Already today, we are even able to specify precisely the potential
for the coming, say, 15 years.
An improvement of the energy efficiency of new appliances of (annual-
ly) about 5% makes possible to halve – compared to the present situation
– the total demand for energy by the year 2050. This calculation takes into
account further economic growth and a slow turnover of capital stocks.
Such a reduction in the energy demand is a precondition for a decisive
growth of the relative contribution of renewable energies.
The present contribution of renewable energies in the energy market
exceeds the general expectation of 20 years ago by a considerable margin.
Wind energy will become commercially viable over the coming years.
Photovoltaic energy still has a long way to go before achieving that goal.
The wide spectrum of applications of biomass through a variety of tech-
nologies will become viable on a timescale somewhere in between. Short-
term applications include its burning large power plants and its fermenta-
tion in small plants. A plethora of new technologies based on gasification
for producing gaseous (for instance for the combined production of heat
and electricity) and liquid fuels (e.g. for the transport sector) offer promi-
sing prospects. 
Taking into account the different types of renewable energy sources,
we developed different scenarios for meeting at least half of the energy
demand by using renewable energy sources.
0. The reference case: Continuing existing trends such as a slow impro-
vement of energy efficiency, a gradual rise in the final-energy demand,
an increasing contribution from natural gas, the phasing out of nucle-
ar energy and small contributions from regenerative energy sources19
I. Ascenario involving the energy demand being relatively stable (albeit
with a demand shift from heat to electricity) and a supply system
based on the – under the condition of limiting the CO2 emissions –
cheapest abundant energy sources i.e. biomass and natural gas
II. The same demand development, but less use of biomass
III. A scenario with a markedly lower energy demand
At present hydropower is still the predominant renewable source for
electricity production. For the coming decades, the largest growth is
expected in the areas of wind energy and biomass. The prospects for bio-
mass are most favorable, though the surface demand involved will be
enormous. Still, even within the densely populated European Union, an
extension of biomass exploitation sufficient for the biomass intensive
scenario above (scenario I) is possible. Photovoltaic energy can only
become important in the longer term. It is conceivable for this source to
play a major role, but that would require extensive development efforts
and cause higher costs.
Hence, there are several combinations of energy efficiency improve-
ments and renewable energy sources that can reduce the demand for fos-
sil energy in the European Union by 60 to 80%, compared to the present










































The developments lined out here will never happen without targeted
measures. There are various obstacles to overcome. In many sectors ener-
gy does not represent an important cost factor. This is definitely true for
the service and agricultural sectors. Even in residential households the
energy costs are spread over several areas (mobility, heating, electricity
etc.). Therefore the energy costs are often not considered appropriately
when making decisions. Furthermore, the positive external effects (e.g.
fewer emissions) are not appreciated properly in the market. New techno-
logies reside at the upper end of the learning curve and cannot compete
easily with established technologies, which have been optimized over a
long period of use. On the other hand, the advantages of mass production
are crucial if energy efficiency and renewable energies – especially if one
deals with manufactured technologies – are to be competitive against
established on-site technologies. In many cases, new technologies have to
be compatible with existing plants and comply with existing standards
and infrastructures, which again delays market penetration. This applies
especially to a capital-intensive sector where “sunk costs” prevent a rapid
turnover of capital.
Apart from that, the history of substituting one energy source by an-
other shows that new energy sources must be not just competitive, they
also have to offer additional advantages (for instance the “cleanness” of
oil compared to coal). The substitution process is never untouched by
politics (in every direction) and it strongly depends on the service life of
the existing energy infrastructure. However, as soon as new technologies
have acquired a critical mass, the substitution accelerates.
The reality of sustainability: Conflicts of aims in the choice of
instruments
The promotion of “welfare” or the “public weal” is often cited as the
purpose of political or ecopolitical action. However, the meaning of this
is often unclear when one deals with concrete measures. The reason is that
certain measures appear advantageous in some respect while, at the same
time, they often imply drawbacks too. Such drawbacks can be the uneven
distribution of the costs and benefits of a measure or that the removal of
one problem implies the creation of a new one.21
A well-known example is the magic quadrangle in macroeconomic
policy: According to the law of stability and growth, a high level of
employment, low inflation, external trade balance and appropriate growth
have to be the objectives. However, in fact policies also aim at a fair dis-
tribution. These are five aims of economic policy with the effect that mea-
sures for improving the achievement of one aim can easily compromise
the realization of one or several other aims. If, for example, a higher level
of employment is achieved, this can create a risk of higher inflation and
more imports, and possibly leads to lower achievement concerning two of
the aims, namely “low inflation” and “trade balance”. If one aims to
achieve a fairer distribution the wage rises, this can lead to less employ-
ment and growth. Again, two aims are met less successfully, if one pro-
motes another aim. Hence we are dealing with conflicts of aims.
For this study, the conflicts between environmental aims and other ones
are of particular importance. We discuss conflicts rooted in market short-
comings and distribution problems, where employment, competition,
trade, finance and development policies are relevant. Areduction of envi-
ronmental emissions, especially in the energy sector, requires the fall in
production and thus either in employment or in wages, if employment
levels are to be maintained. 
If cost increases due to environmental policy measures cause a fall in
production volumes on the factory level, the result is the same as that of
monopolist action, where the monopolist sets a monopoly price. Thus,
such measures can intensify monopoly effects, if they do not consider
them properly right from the beginning.
A large part of energy emissions stems from (international) transport.
(International) trade serves to enable the consumer or enterprises to buy
goods at more favorable prices. If transport costs rise for environmental
reasons, so that the environmental costs are borne by the polluter, this
runs against the interests of transporters, importers and receivers of
goods. 
The weakness of environmental policies limited by national or regional
boundaries lies in the fact that enterprises can migrate to other regions22
where they do not have to bear environmental costs. Empirically, this
effect may well be minor because international competitiveness was
given precedence, often through exemptions from regulations. However,
in the absence of such exemptions, the effect partially leads to a deterio-
rating of employment levels and subverts the environmental policy itself,
for instance because emissions then come in from less regulated coun-
tries. 
To make the costs of environmental policies efficient, one is looking
for ways to employ funds from industrialized countries in developing
countries, if a stronger effect can be achieved there. If this leads to a stron-
ger demand for land, for instance to realize reforesting programs within
the framework of the Clean Development Mechanism (CDM) agreed in
the Kyoto Protocol, it can mean higher rents asked from small tenant
farms and higher food prices, which is in obvious conflict with the deve-
lopment aim of reducing poverty.
Conflicts of aims, as long as they exist, can forestall political decisions,
because individuals, especially politicians and lobbyists, can differ in
their judgement of the importance of different aims. In particular, they can
differ in their acceptance (or non-acceptance) of the actual existence of a
problem or in their assessment of the extent of a problem. It can be very
expensive in the long term, when no measures are taken because there is
insufficient information even if a relevant problem is indeed very impor-
tant or when measures are decided which later turn out to be unnecessary.
Consequently, the conflict-laden distribution effects of environmental
efficiency gains have to be defused in order to reduce resistance. This can
be achieved through innovation-political measures. The promotion of
superior technologies – in terms of their environmental effects – can cut
the marginal costs of enterprises, increase employment and reduce mono-
poly prices as well as transport emissions without hampering internatio-
nal trade or causing capital migration. Such technology support takes
place at home, not in developing countries. The import of superior tech-
nologies only reduces emissions if these technologies become the stan-
dard and older technologies disappear from the market. To that extent, the
contrasting interests outlined above are absent in the employment of inno-23
vation policies. Innovation policies can be used as a complement to other
environmental measures. In order to gain approval for measures such as
environment taxes and certificates, one can offer innovation incentives
softening the effects of the cost distribution.
Within the legal framework of the European Union, rules have emer-
ged on what must be considered when economic aims – for instance the
free movement of goods and services in the internal market – are put aside
in favor of the protection of the environment. The reasons must be com-
pelling and the instruments used must affect the internal markets as little
as possible. The rules often require only a temporary intervention or the
setting of threshold values (e.g. in the case of subsidies for environmental
protection technologies). The European Court of Justice has laid down
strict rules concerning the corresponding evidence required.
Conflicts with EU competition laws can arise in two respects. State
incentives have to be measured against the prohibition of subsidies which
covers all national incentive measures favoring the recipient financially,
but, in the view of the European Court, does not affect the rules concer-
ning purchase volumes and compensation duties which mainly present a
financial burden for private-sector energy suppliers and lead only indi-
rectly, if at all, to national revenue losses. Any existing subsidy can be
justified on environmental reasons, if it is in accordance with the common
framework for state subsidies in the environmental sector. This frame-
work provides special rules for regenerative energies, allowing, in princi-
ple, at least temporary subsidies. The polluter-pays principle which
dominates the common subsidies framework too, gives reason for con-
cern.
The second source of conflict in terms of competition law exists in the
competition rules governing enterprises. Where self-regulation within the
private sector, e.g. concerning CO2 reduction or regenerative energies,
leads to cooperation between companies and thus affects free competition,
this too can be justified, if it is inalienable on reasons of environmental
protection. Insofar as it offers the prospect of similar effects as state sup-
port measures or market interventions, such self-regulation can also put in
question the necessity of restrictions to the movement of goods.24
Strategies to accelerate energy innovations
A strategy has to activate the potentials with regard to the 2,000-Watt
benchmark without failing at the obstacle of conflicting aims, i.e. the
balancing of the three pillars of sustainability. The analysis above allows
developing such a strategy with a bundle of measures to promote sustain-
able energy innovations:
1. We propose a strategy to accelerate sustainable energy innovations
through custom-made support measures for different phases of their
life cycle within a learning curve model. At the beginning of the life
cycle, subsidies should help achieving the cost advantages of the
effects of scale by enabling enterprises to move faster along the “lear-
ning curve” of cost reductions. In a later phase, measures of self-regu-
lation as negotiated solutions or as unilateral self-commitments of the
private sector should lead to a faster penetration of the market.
The focus is on energy-efficient technologies at the stage of their mar-
ket introduction, meaning that pilot projects and demonstration propo-
sals already exist and the technology concerned is now at a stage where
an “early adapter” has to be found and industrial production and servi-











Learning curves for energy-efficient technologies compared to the standard
technology (TSt). (KStück: Unit costs, Nkum: accumulated production volume)25
ty of cases, these subsidies take the shape of start-up financing. For it
can be shown that, in most cases, the costs of the clean technology do
not exceed those of the old technology in the long run (see curves A2
and A3 in the graph below). In the face of energy markets characteri-
zed by deregulation and volatile prices, such support is particularly
important for regenerative energy sources. The different technologies
do not all start from the same situation. Energy production from wind
power is much closer to profitability than photovoltaic energy. Energy
from biomass could turn out too expensive in the industrialized coun-
tries of the northern hemisphere, but not in developing tropical coun-
tries. Therefore, the promotion of various technologies must be custo-
mized depending on their position on the learning curve and the answer
to the question, how soon can they profit from economies of scale. For
the decentralized, “manufactured” technology of energy production
from regenerative sources, the efficient mass production is the most
certain way to compete with “on-site” technologies such as power.
For this approach to subsidies, the Dutch model of the “energy list” is
referred to specifically. By maintaining a list of technologies eligible
for support, which is updated annually, one avoids subsidizing a tech-
nology for a longer period than necessary. The experience gained in the
Netherlands – experience with overcoming information asymmetries,
minimizing free-rider effects and focusing exclusively on technologies
that are in fact innovative – have to be taken into consideration.
2. Demand should be further stimulated through state procurement pro-
grams. For instance, in the course of regular construction, moderni-
zing and repair measures over the next 5–7 years, one in three new
public buildings could have a photovoltaic energy plant installed. 
3. The extension of basic research into energy technologies, from nucle-
ar fusion to solar energy, is imperative in order to ensure a continuous
flow of new knowledge. This is clearly a task where government
action is required. A reduction in the funds made available for such
research (6. EU Framework Program for research, technological
development and demonstration [2002–2006]) is definitely not the
right approach.26
4. Beyond that, governments should engage in the areas of appropriate
education and infrastructural creation of competence for new energy
technologies. 
5. The total energy consumption in residential households and in
connection with mobility is still rising. There is a number of appro-
aches available to influence the present negligence of consumers con-
cerning energy consumption. The instruments of regulating house-
holds as main origin of energy consumption, emissions and waste are
far less developed than in the industrial domain (e.g. the IPPC direc-
tive stipulating the use of the “best available technology”).
Consumers are not only restrained by the lemming effect but also by
information deficiencies preventing them from making sound deci-
sions. Therefore, we recommend effective and credible labeling
including the “greenpricing” of electricity from regenerative sources.
The poor success of previous approaches can be explained by the
overflooding of the market with labels, leading to the failure even of
official labels to clarify sufficiently the difference between sustain-
able and non-sustainable products. In some cases, this was a result of
industry lobbying, in others it was caused by a lack of practical diffe-
rentiation criteria.
6. More promising could be to bank on social and organizational inno-
vation in order to accelerate the diffusion of energy innovations in
residential households. An example of such innovation is the experi-
ment of supply companies – often partnered by public institutions and
enterprises – to position themselves as service providers. Such a step
frees them from the pressure to sell more and more energy. Instead,
they can offer profitable services for the efficient use of energy.
7. In the transport area, more energy-efficient providers have to build
more comfortable and faster logistics or mobility chains, compared to
private and commercial motor vehicles. Higher market shares cannot
be achieved by improving the individual components, but only by
revising the entire transport process. This requires innovative pack-
ages, for instance the link-up of rail traffic with car sharing and infor-
mation services.27
8. Still, in this case too, only looking at technology development is not
enough. At least equally important is the compatibility with existing
infrastructures and processes as well as the integration with the elec-
tricity network, both on the local level (for compensating discontin-
uous resources such as wind) and in the European arena (for instance
by channeling hydropower produced in Scandinavia to the South
during winter and using photovoltaic energy from Italy in the North
during the summer months). For fuel cells, overcoming the “chicken
and egg” problem (no vehicles without hydrogen distribution, no
hydrogen market without vehicles) is a crucial precondition for the
success of this promising technology. However, its true advantages,
with regard to CO2 intensity, will only emerge when hydrogen will be
produced from regenerative energy sources.
9. Energy issues must regain the highest political priority.
10. Beyond that, we call for the foundation of an “alliance for sustainable
energy innovations” organized as a network.
Political enforceability of sustainable energy innovations
This study is not limited to the development of options for action; it
also examines their political enforceability. We explicitly look at the inte-
rests of different social groups of agents (politicians, consumers, compa-
nies, environmental organizations etc.), where we will touch on three
aspects in particular: the aims level, the choice of instruments and the
strategy for enforcement. 
Sustainable innovation in the energy sector lead, as a whole, to the long-
term growth of social wealth; however, at the same time it requires trans-
formations in the social aims system as well as reforms that appear less
attractive, at least in the short term, to some social groups (including essen-
tial parts of the energy industry). Given the interests of the groups of
agents, we cannot expect the spontaneous emergence of a broad coalition
for action concerning sustainable innovation in the energy sector. Each
such group (enterprises, consumers etc.), on the other hand, disposes of a
certain scope for action towards sustainable innovation, which they can rea-
lize without having to give up their principal interests. If we succeeded in28
exploiting this scope consistently, we could create a dynamics of reform
that could take us beyond the status quo (which is not conducive to sustain-
ability). The question how to initialize and organize this process remains.
Concerning the choice of instruments, one has to examine the enfor-
ceability of the instrument mix invigorating sustainable innovation in the
energy sector at the lowest possible social costs. In the political process,
economically efficient instruments stimulating innovation, such as certi-
ficate solutions or eco-taxes for environmental protection, have turned out
be less attractive. 
The instrument mix proposed here has a better chance of enforceabili-
ty. It calls upon subsidy solutions, self-regulation and information instru-
ments (labels etc.), because these do not imply immediate, perceivable
strains on well-organized groups of agents. Hence, in the short term,
sustainable innovation policies must make use of the potential of these
instruments in particular.
Innovation-guided policy will have to face resistance, too, but not as
much as allocative policies based on taxes, regulation or certificates. The
promotion of sustainability policies requires a clearly defined process for
formulating binding targets and for ensuring maximum engagement and
the creation of capacities towards a platform, on which groups (even if
they support opposite positions) can learn (to improve) co-operation,
exchange experiences, report on their learning successes and become an
integral part of a global network with a shared vision of the future.
New institutions are usually treated with skepticism. In contrast to spe-
cialized authorities, from central banks to antitrust regulators, sustainabi-
lity affects every aspect of life; it cannot be separated from the core of
democratic politics. Nevertheless, our analysis has shown that it often suf-
fices to link-up existing institutions in a network in order to integrate the
concept of sustainable development into their particular competences. 
We  therefore propose the foundation of an “alliance for sustainable
energy innovations”, which should focus on three objectives:
● Increasing the public awareness of the divergence between energy
demand and growth limitations and the potential of sustainable energy29
innovations for “pushing out the boundaries” if this potential is exploi-
ted more urgently,
● identifying obstacles (e.g. inefficiencies) to an accelerated realization
of sustainable energy innovations and the promotion of new solutions,
and
● building a database and a center for the transfer of knowledge on
sustainable energy innovations for an easy access to every informati-
on on specific energy innovations, partners for co-operations, consul-
tancies etc.
The members of such an alliance could be:
● Enterprises and industry federations (e.g. producers of solar and “con-
ventional” energy, energy customers),
● scientific research institutions,
● energy agencies and institutions for technology transfer, and
● consulting and service companies with innovative, creative ideas.
The more members the network includes, the more valuable will it be
for the individual member. Ultimately, the alliance could cultivate con-
tacts beyond Europe, especially with developing countries, where the real
struggle for a sustainable energy system is fought.
Responsibility for the “energy hunger” of the developing countries –
How can sustainable energy innovations help here?
The measures proposed here may be judged on a global scale, but the
measures themselves largely focus on the EU. However, we would not
meet the criterion of intergenerational justice if we failed to examine to
what extent sustainable energy innovations could level recognizable
“north-south slopes”.
The principal features (characterizing the situation in the southern
hemisphere) concern the dearth of competence and infrastructure, the
limited commercial supply of energy and the inefficient use of energy
sources, especially fire wood. Many modern technologies for energy pro-
duction from regenerative sources – from wind power, biomass and solar30
radiation, in particular – ought to be employed in those countries. How-
ever, before such technologies can gain practical relevance, competences
and infrastructures have to be built. In the sparsely populated rural areas
outside the towns, decentralized technologies are often much more useful
than centralized provision. In this field too, far-reaching targeted measu-
res are necessary.
A multitude of international organizations – primarily the World Bank
and the Global Environmental Facility (GEF) – endeavor to support
sustainable energy systems and innovations in developing countries. The
EU, on the other hand, suffers a particularly low profile in this area: Ener-
gy does not play a significant role, not even an institutional one. This has
to change and there have already been various good proposals (e.g. the G8
Task Force, whose well thought-out suggestions were, unfortunately,
rejected).
Apart from that, the number of successful examples show that global
enterprises play a much more active role in technology sharing, for
instance through direct investments (e.g. production plants for wind tur-
bines). Obviously such enterprises would rather be guided by policies
than venture independently on unknown territory. Therefore, the EU
would have to make the effort of integrating energy issues and energy
technologies with her development policies more closely than in the past.
In this way, a framework and incentives for more investment in energy
innovations and their development by the private sector would emerge.
However, development aid, technology transfer etc. will only become
effective if the industrialized countries themselves manage successfully to
transform their own energy systems. Hence, energy innovations in indu-
strialized countries are a precondition for sustainable energy systems in
developing countries. This realization takes us back to the starting point
of our analysis: Even if the global dimension of the energy question is
indisputable, most energy-relevant decisions are taken on national, com-
munal or even individual levels. Therefore, to promote sustainable ener-
gy innovations, we need a long-term, international engagement by all
agents on all those levels, from enterprises to nongovernmental organiza-
tions, from scientists to national administrations.31
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